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(57) ABSTRACT 
A composite material combining—a precious metal or an 
alloy containing a precious metal—and a boron-based 
ceramic having a melting point greater than that of said pre 
cious metal and a density at most equal to 4 g/cm3. 
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COMPOSITE MATERAL COMPRISINGA 
PRECIOUS METAL, MANUFACTURING 
PROCESS AND USE OF SUCH MATERAL 

FIELD OF THE INVENTION 

0001. The invention pertains to composite materials com 
prising precious metals, their manufacturing process and their 
USS. 

BACKGROUND OF THE INVENTION 

0002 Document U.S. Pat. No. 7,608,127 describes com 
posite materials consisting of a metallic matrix of precious 
metals or precious metal alloys, reinforced with a filler mate 
rial of tungsten carbide or molybdenum carbide. During its 
manufacture, this composite material is obtained by infiltra 
tion of the liquid metal, under pressure, in a preform of 
tungsten carbide or molybdenum carbide. The composite 
material described in this document may have a metal con 
centration ranging from 56 to 75% by weight and a hardness 
greater than 171 VHN, possibly exceeding 500 VHN. 

OBJECT AND SUMMARY OF THE INVENTION 

0003. The primary object of the present invention is to 
propose a new composite material having characteristics at 
least as advantageous, if not better, than the prior art described 
above. To that end, the invention proposes a composite mate 
rial combining: 

0004 a precious metal or an alloy containing a precious 
metal (the alloy in question can be, for example, an alloy 
of precious metals with one another and/or with other 
metals such as aluminum, copper, and titanium), 

0005 and a boron-based ceramic having a melting point 
greater than that of said precious metal and a density at 
most equal to 4 g/cm. 

0006 We thereby obtain a composite material of low den 
sity, through the choice of the boron-based ceramic, and 
considerable hardness. In spite of the very low wettability of 
boron-based ceramics, the composite material can be realized 
primarily by liquid metal infiltration under pressure. 
0007. In various embodiments of the composite material 
according to the invention, we can advantageously have 
recourse to one and/or the other of the following arrange 
ments: 

0008 the composite material has a precious metal con 
centration greater than 75% by weight of the total weight 
of said material; 

0009 the said precious metal is chosen from among: 
gold, platinum, palladium, and silver, 

0010 
0011 the ceramic is combined with an alloy of gold or 
aluminum, the composite material having a concentra 
tion of aluminum at most equal to 20% by weight of the 
total weight of the composite material, preferably at 
most equal to 5% by weight of the total weight of the 
composite material; 

0012 the precious metal is alloyed to titanium, the con 
centration of titanium being comprised between 0.5 and 
2% of the total weight of the composite material, advan 
tageously approximately 1% by weight of the total 
weight of the composite material, which facilitates infil 
tration of the precious metal or alloy in the ceramic; 

the said precious metal is gold; 
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0013 said ceramic is chosen from among: a boron car 
bide, a boron nitride, a boron oxide, and a BCN het 
erodiamond; 

0014 said ceramic is chosen from the boron carbides 
having as their approximate formula B.C., BC, and 
B12Cs: 

0.015 said ceramic is a boron nitride having the formula 
BN, chosen from among: cubic boron nitride, boron 
nitride having a Wurtzite type crystalline structure, hex 
agonal boron nitride; 

0016 said ceramic is boron oxide BO; 
0017 said ceramic is cubic BCN: 
0018 said ceramic is an electrical conductor, which 
allows the composite material to be machined by elec 
trical discharge machining; 

0.019 the material has a hardness greater than 320 VHN, 
preferably greater than 400 VHN: 

0020 the ceramic represents a volume fraction com 
prised between 55 and 80% of said material; 

0021 the ceramic is in the form of discrete particles 
having an equivalent diameter comprised between 0.1 
um and 1 mm, preferably comprised between 1 um and 
100 um; 

0022 
phase; 

0023 the composite material has a density generally 
comprised between 7 and 14 g/cm. 

0024. Another object of the invention is a process to manu 
facture a composite material as defined above, said process 
having an infiltration step in which the precious metal or alloy 
is infiltrated under a pressure of 10 to 200 bar, preferably from 
75 to 150 bar, in a porous preform consisting of said ceramic. 
0025. As indicated above, infiltration under pressure 
allows the metal to infiltrate the boron-based ceramic in spite 
of the very low wettability of this type of ceramic. Addition 
ally, we thereby obtain a composite material appreciably 
without porosity. 
0026. In various embodiments of the process according to 
the invention, we can have recourse to either of the following 
situations: 

0027 during the infiltration step, an alloy of gold and 
aluminum in liquid form is infiltrated under pressure in 
a porous preform of boron carbide; 

0028 the process also comprises, prior to the infiltra 
tion step, a sintering step during which the ceramic 
preform is at least partially sintered. 

0029 Finally, another object of the invention is the use of 
a composite material as described above in clock making or 
jewelry making. 

the ceramic forms a continuous, interconnected 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030. Other characteristics and advantages of the inven 
tion will appear from the following description of one of the 
embodiments, provided with respect to the attached draw 
ings, in which: 
0031 FIG. 1 is a schematic illustration of an example of 
manufacturing a composite material according to an embodi 
ment of the invention; 
0032 and FIG. 2 is a photograph of a crystallographic 
section showing a composite material according to an 
embodiment of the invention. 
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MORE DETAILED DESCRIPTION 

0033. As explained above, the invention pertains to a com 
posite material combining: 

0034) a precious metal (notably: gold, platinum, palla 
dium, or silver) or an alloy containing a precious metal; 

0035 and a boron-based ceramic with a melting point 
greater than that of said precious metal and a density at 
most equal to 4 g/cm (preferably less than 3.5 g/cm). 

0036 Concerning the aforementioned alloys, it may, nota 
bly, involve: 

0037 an alloy of gold or aluminum, the composite 
material having a concentration of aluminum at most 
equal to 20% by weight of the total weight of the com 
posite material, preferably at most equal to 5% by 
weight of the total weight of the composite material; 

0038 alloys comprising at least one precious metal and 
at least titanium to facilitate the infiltration of the metal 
into the ceramic (the concentration of titanium being 
comprised between 0.5 and 2% of the total weight of the 
composite material, preferably approximately 1% by 
weight of the total weight of the composite material); 

0039 alloys comprising at least one precious metal and 
at least copper. 

0040. The composite material may have a precious metal 
concentration greater than 75% by weight of the total weight 
of said material, for example on the order of 80%. 
0041. The technical ceramics here referred to are hard, 
refractory, lightweight materials, and very stable chemically. 
Their melting point is generally above 2000 degrees Celsius. 
The ceramics that can be used for the present invention nota 
bly comprise: 

0042 boron carbides having an approximate formula 
BC, BC, and BC (melting point: 2450° C., den 
sity 2.48-2.51 g/cm), 

0043 the boron nitrides, BN (density: approximately 
3.5 g/cm), notably cubic boron nitride (melting point: 
2970° C.), boron nitride with a Wurtzite type crystalline 
structure (melting point: 1700° C.), hexagonal boron 
nitride (melting point: approximately 2500°C.), 

0044) certain boron oxides, notably boron oxide BO 
(melting point: greater than 2000°C.), 

0045 certain BCN compounds, notably cubic BCN 
(melting point greater than 2000° C.). 

0046. The ceramic may represent a volume fraction com 
prised between 55 and 80% of the material. It can be in the 
form of discrete particles having an equivalent diameter com 
prised between 0.1 um and 1 mm, preferably comprised 
between 1 m and 100 um. It may be advantageous to have 
particles of various sizes in the same material, notably to 
obtain a Spangled visual effect. 
0047. When the process of preparing the composite 
according to the invention comprises a sintering step, the 
ceramic then forms a continuous phase in which the ceramic 
grains are interconnected. The chosen ceramic will preferably 
be sufficiently electrically conductive to enable the use of 
electrical discharge machining. In particular, this is the case 
with the boron carbide having the statistical formula B.C. We 
can thus easily machine the composite material in spite of its 
extreme hardness. 
0048 We thereby obtain a material that is both light (low 
density) and very hard, therefore, nearly unscratchable, char 
acterized by a hardness greater than 320 VHN, preferably 
greater than 400 VHN, or even much higher. This latter prop 
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erty is particularly interesting, notably for the use of compos 
ite materials in clockmaking or jewelry making. 
0049. We can realize the material described below notably 
by the process illustrated in FIG. 1, comprising the following 
steps: 

0050 fabrication of a porous ceramic preform, notably 
by sintering; 

0051 infiltration under pressure of the precious metal 
or alloy into the ceramic preform. 

Example 

0.052 A commercial boron carbide powder, F1000 (par 
ticle size 5 um), of statistical formula BC, has been cold 
compacted at 200 MPa isostatic pressure (FIG. 1, steps (a) to 
(c)), then sintered at 2100° C. in an oven, under vacuum, for 
1 hour (FIG. 1, step (d)). 
0053. The density of the sintered preform is 1.766 g/cm 
and the density of the powder is 2.48 g/cm. Thus, the preform 
is 71.19% dense, leaving 28.81% porosity. 
0054 Pure gold is then infiltrated in the sintered preform 
at a temperature of 1200°C. under 150 bargas (argon) pres 
sure (FIG. 1, step (e)). 
0055. The material obtained is a metal-matrix composite 
having a density of 7.48 g/cm. The concentration of pure 
gold in the composite is greater than 76% by mass and its 
hardness is comprised between 650 and 700 Vickers (30 N 
load, 16 seconds). The crystallographic section shown in FIG. 
2 was made with an optical microscope at 50x enlargement on 
a sample of said composite, polished with diamond particles 
up to 0.25 um. The bright regions correspond to the metal 
infiltrated in the ceramic. 

1-21. (canceled) 
22. A composite material containing a precious metal cho 

Sen among gold and platinum, 
wherein said composite material has a concentration of 

precious metal greater than 75% by weight of the total 
weight of said material, 

and wherein said composite material has a density com 
prised between 7 and 14 g/cm. 

23. The composite material according to claim 22, in which 
said precious metal is gold. 

24. The composite material according to claim 22, in which 
the precious metal is alloyed to titanium, the concentration of 
titanium being comprised between 0.5 and 2% of the total 
weight of the composite material, preferably approximately 
1% by weight of the total weight of the composite material. 

25. The composite material according claim 22, having a 
hardness greater than 320 VHN, preferably greater than 400 
VHN. 

26. The composite material according to claim 22, wherein 
said precious metal is combined with a boron-based ceramic, 
said boron-based ceramic having a melting point greater than 
that of said precious metal and a density at most equal to 4 
g/cm. 

27. The composite material according to claim 26, in which 
the ceramic is combined with an alloy of gold and aluminum, 
the composite material having a concentration of aluminum 
at most equal to 5% by weight of the total weight of the 
composite material. 

28. The composite material according to claim 26, in which 
said ceramic is chosen from among: a boron carbide, a boron 
nitride, a boron oxide, and a BCN heterodiamond. 
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29. The composite material according to claim 28, in which 
said ceramic is chosen from among the boron carbides having 
as an approximate formula B.C., BC, and B.C. 

30. The composite material according to claim 28, in which 
said ceramic is boron nitride having the formula BN, chosen 
from among: cubic boron nitride, boron nitride with a Wurtz 
ite type crystalline structure, hexagonal boron nitride. 

31. The composite material according to claim 28, in which 
said ceramic is boron oxide B.O. 

32. The composite material according to claim 28, in which 
said ceramic is cubic BCN. 

33. The material according to claim 26, in which said 
ceramic is an electrical conductor. 

34. The composite material according to claim 26, in which 
the ceramic represents a Volume fraction comprised between 
55 and 80% of Said material. 

35. The composite material according to claim 26, in which 
the ceramic is in the form of discrete particles having an 
equivalent diameter comprised between 0.1 um and 1 mm, 
preferably comprised between 1 Lum and 100 Lum. 
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36. The composite material according to claim 26, in which 
the ceramic forms a continuous, interconnected phase. 

37. The composite material according to claim 22, wherein 
said precious metal is combined with a porous ceramic pre 
form. 

38. A process for manufacturing a composite material 
according to claim 37, said process having an infiltration step 
in which the precious metal or alloy is infiltrated under a 
pressure of 10 to 200 bar, preferably from 75 to 150 bar, in 
said porous ceramic preform. 

39. The process according to claim38, in which, during the 
infiltration step, an alloy of gold and aluminum in liquid form 
is infiltrated under pressure in said porous ceramic preform, 
and said porous ceramic preform is made of boron carbide. 

40. The process according to claim 38, also comprising, 
prior to the infiltration step, a sintering step during which the 
ceramic preform is at least partially sintered. 

41. Use of a composite material according to claim 22 in 
clock making or jewelry making. 
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